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Abgract. Separation of dry powders often encounters
technicd difficulties in conventiond methods, manly for
paticle sze smdler than 38m The principles undelying a
newly developed machine, TriboSeparator, involve surface
interactions in relaive motion of dry patices in centrifugd
fied. Different forces are gpplied on the particles, among them
centrifugd, inertia, gravitation and friction. These forces affect
differently paticles of different d9ze and shgpe, resulting in
separation. Experiments made on  a semi-indugrid  modd
provide podtive results for fly ash powders. The sysem's
compact sze, absence of medium materid and low wear result
in compstitive invesment a start-up and low operationa costs.

1. Introduction
The process of Dry TriboSeparation, developed by SorTech Separation
Technologies Ltd., Isradl, is based on interaction of dry powder particles surfaces
and inner surface of rotating around vertica axis conical bowl. Difference in
friction coefficients of paticles of different sze, shape and maerid lead to ther
separation by joint action of the centrifugd, frictiona and gravitationd forces. In
order to test the technologica properties of the TriboSeparator, severad machines
were congructed. The device is designed to separate dry powders to two fractions,
while separation criteria can be varied in wide range. Materid is fed on the inner
surface of the rotating bowl from a dosng feeder mounted above the bowl, below
a bunker. After separation, fractions of the powder are retained in separate
collectors. As our experiments demondrate, the dry TriboSeparator is most
effective in the following cases.
a) Sepadion by shape between spherical and non sphericd particles of various
gze, including the case of separaion between differently sheped particles having
the same size, say cylinder and sphere having the same radius.
b) Separation by size
¢) Removing dust from dust materid or scaping.




2. Theoretical Basics of Dry TriboSeparation
The movement of a particle near any point on the rotating inner surface may be
considered as a movement on a correspondent tangent plane.
Let ustake it that
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Figure 1. Diagram of Forces

The movement trgectory of a particle on the inner surface is defined by equation
(1), where \, and V, are velocities of particle movement in longitudina and cross
directions.

dy

— =t ,
ax aq

where g— angle of eevation of a particle trgectory. The velocities \§ and Vy can
be defined by equation of particle movement on rotating inner surface and may be
presented as:

VX =V(f1 a) RX) n1 J ) VOX) (2)
Vy :V(f, a, R]_y, R2y,n, VOy).

Where f - friction coefficient of a particle friction towards inner surface, a —
indindtion angle of the inner surface, Ry — radius of the surface in longitudind



direction, n - revolution per minute of the inner surface, | — the angle of a particle
movement in longitudind direction, Vox — initid patide veodty in longitudind
direction, Ryy and Ryy — initid and find radius of the surface. Voy — initid particle
velocity in cross direction. (Fig.1)

Powder is fed to a certain zone which is desgnated a feeding zone and which is
positioned adjacement to a lower portion of the inner surface. The length of this
zone is designed to be much less (at least by an order of magnitude) than the
length of the separation zone, with the length of the separation zore being
agoproximately Is. The length of the separdtion zone is determined by the
relationship:

Is=ly*VIVy, 3
where ly is the distance between the lower edge of the feeding zone to the upper
edge of the inner surface dong the generatrix of the surface of revolution; V is the
linear velocity of the upper edge of inner surface.

3. Experimental Results

Samples of Fly Ash were separated on the semi-industridl modd of SorTech's
TriboSeparator. Initidl material was partitioned into two fractions, Fine Fraction
and Coarse Fraction. Study of bowl rotation speed was fulfilled for particle sze
ditribution and carbon content in both fractions:

Table 1: Fly Ash Separation Results

Coarse fragtion Fine fracti_on
V, Hz ] Carbon %] Mean D,M| Qutput,% | Carbon ,%| Mean D,M Output,%
12 12.4 116 11 4.3 35 89
14 11.4 112 22 3.9 30 78
16 8.4 113 29 3.7 27 71
18 79 83 37 2.5 25 63
22 6.2 63 51 2.3 19 49
25 6.7 64 59 2.8 19 41
30 5.9 68 66 1.1 18 34

95% of the fly ash sample particles reported here were of diameter less than 147m
The carbon percentage was 5.7% (measurement resolution 0.5%). Tests were
made in collaboration with the lIsradi Electric Company’s cod power plant
M.D.1.

When bowl rotation speed increased up to 2.5 times from base speed:

- median diameter of fine fraction particles varied from 35mto 18m

- median diameter of coarse fraction particles varied from 116mto 68m

Carbon percentage decreased in the fine fraction from 4.3% to 1.1% and in the
coarse fraction from 12.4% to 5.9%. Paticles sze didribution is presented in
Figures 2A-2C.
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Medi an: 26.72um Mean(vm) : 52.47pum
Mode: 17.03um S.D.(vm: 49.33um
Concent.: 1. 7E-003cc/m  Conf(vm): 97.87%
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Figure 2A: Fly Ash Particles Size Distribution: Feed Material
Medi an: 17.98um Mean(vm): 22.74um
Mode: 17.03um S.D.(vm: 15.38um
Concent.: 3. 0E-004cc/m Conf(vm): 98.80%
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Figure 2B: Fly Ash Particles Size Distribution: Fine Fraction
Medi an: 79. 48um Mean(vm): 85.60um
Mode: 126. 02pm S.D.(vm: 62.10um
Concent.: 1. 2E-003cc/m  Conf(vm: 99.72%
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Figure 2C: Fly Ash Particles Size Distribution: Coarse Fraction



4. Conclusion

The operationa and financid advantages of the TriboSeparator when applied for
Hy Ash may be summarized asfollows

The fine fraction may be desgned to contain a rate of unburned carbon in the
range of 1.1%-4.3%, thus highly vaued by concrete manufacturers, variability of
unburned carbon in the fine fraction ranges +0.4 percentage points depending on
feed materid, which is mogst vauable for concrete producers, it manly contains
amall particles (95% less than 58m).

Depending on feed, the Hy Ash Coarse fraction typicaly contains more than 6%
cabon, thus increase avalability of the dternaive Carbon-Burn-Out (CBO)
technology. Moreover, CBO will gan efficiency by handling the coarse fraction
only (some 30-50% of the feed materid, depending on desred carbon
concentration). Alternatively, the coarse fraction could be milled and returned to
separation and/or combugtion. Using this technology, unburned carbon may be
extracted for commercia uses other than burn-out, thus add sgnificant vaue The
TriboSeparation process has no negative ecological sde-effects, it consumes little
eectricd power and no medium materid.
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